Aim: The aim of the present study was to correlate the angle formed by inclination of the condylar long axis and median sagittal plane to the presence of internal disc derangement, as well as changes in eccentric mandibular positions.
| INTRODUC TI ON
The human temporomandibular joint (TMJ) is a group of anatomical structures that are together responsible for the movements of the mandible, such as the chewing muscles. Among its components is the condylar process, the surface of the TMJ, articular tubercle of the temporal bone, articular disc, and intrinsic and extrinsic ligaments. 1, 2 The movements of the TMJ on one side are directly related to those on the other side; together they perform the mandibular movements harmoniously. 3 As articulated surfaces of the TMJ are highly incongruent, they allow a large amount of movements involving a small set of structures. In this case, the articular disc between the condyle and articular surfaces of the temporal bone has the ability to reduce any incongruence of the articular movements by increasing the area of the surfaces where the mandibular movements occur. 1, 4 During rotational movements of the condyle in the articular eminence, the articular disc is slipped between the two structures. Although the degree of convergence between the condyle and articular eminence varies from person to person, changes occur within the pattern of normality. 5 The imaging methods for anatomical evaluation of the TMJ are computed tomography and magnetic resonance imaging (MRI), with the former being the most commonly chosen for evaluating bone components, and the latter being the gold standard method for assessing disc derangements, 6 as well as being used to study the condylar position and osseous changes. 7, 8 The condyle has a wide anatomical variation, usually assuming an elliptical configuration, and therefore determining a long axis of two distinct poles: the medial and lateral poles. It has been observed that the lateral pole positions anterior to the medial ones, which leads to an angulation between the long axes of right and left condyles, vary between 140 and 160°. 9 There are a few studies on the role of the condyle angle in relation to the various reference planes. [10] [11] [12] Therefore, the aim of the present study was to correlate the horizontal inclination of the condyle long axis to the presence of internal derangement and degrees of condyle rotation and translation.
| MATERIAL AND ME THODS
For the present study, we followed the universally-accepted standards for research in humans. The study was approved by the
Institutional Review Board of São Paulo State University, São
José dos Campos, São Paulo, Brazil (no. 54710616.6.0000.0077).
The sample consisted of MRI scans obtained from an imaging database used in an earlier study. The participants eligible for inclusion in the present study were those with no sign or his- 
| Magnetic resonance imaging assessment
All sagittal images were evaluated by two specialists in maxillofacial radiology and experienced with interpreting MRI scans of the TMJ during their daily clinical practice. Both assessed the images together in order to establish clear definitions of the imaging characteristics.
All of the images were reviewed on a 19-inch LCD monitor in a suitably darkened room. All parameters were analyzed by using eFilm Workstation software version 3.2 (Merge Healthcare, Chicago, IL, USA), except for the determination of angular measurements between the condyle long axis and median sagittal plane, which were performed by using a specific tool of the OnDemand 3D software (Cybermed, Tustin, CA, USA).
| Diagnostic protocols

| Disc position analysis
The position of the disc was in the anteroposterior and 
| Disc function analysis
To study joint disc function, we analyzed the central parasagittal images acquired at maximum mouth opening. In those cases in which the disc had its intermediate portion interposed between the head of the mandible and temporal bone, it was considered that there was a functional reduction; otherwise no reduction ( Figure 2 ). 
| Rotational degree analysis
The parasagittal images (mouth closed and maximum mouth opening) were used to measure the rotational degree of the condyle.
When the highest point of the condyle, at maximum mouth opening, was positioned in the middle portion of the disc, it was considered normal rotation; when the highest point of the condyle, at maximum mouth opening, was positioned in the anterior portion of the disc, it was limited rotation ( Figure 3 ).
| Translational degree analysis
In the present study, the central parasagittal images were considered at the maximum mouth opening. The degree of normal translation was considered when the condyle was lined up with the articular eminence, whereas hypomobility was considered when the condyle was below the lowest point of the articular eminence. In those cases in which the condyle was anterior to the articular eminence, the degree of translation indicated hypermobility ( Figure 4 ).
| Determination of the angle between the condyle long axis and median sagittal plane
This angle was determined by the condyle long axis and median sagittal plane. The T 1 -weighted images in axial sequences were exported into DICOM (Digital Imaging and Communications in Medicine) format for analysis with OnDemand 3D software, as the angular measurement in degrees of angle could be performed.
In the axial window of the software, the axial section showed the condyle with a larger long axis, indicative of the medial and lateral poles. Next, the section was selected, the angle tool was chosen, and an angle was traced with one side consisting of the long axis of the condyle and the other consisting of the median sagittal plane, the guiding line corresponding to it ( Figure 5 ).
| Statistical analysis
The resulting values were tabulated and then used to measure the angle of the condyle on the opposite side by using the same methodology.
The correlations between the variables (i.e. disc position with mouth closed, disc function with mouth open, degree of rotation and translation of the condyle, and angle between the median sagittal plane and condyle long axis) were explored by using the Spearman's correlation test at significance level of 5%.
| RE SULTS
From the 70 TMJ, it was observed that the majority were at a normal position (50 discs, 71.43%) and that total displacement was more prevalent in cases of displaced discs (16 discs, 22.86%), with partial lateral found in three (4.28%) partial medial displacement being the least frequent, one disc (1.43%). It can be conclude that the total number of displaced discs was 20 discs (28.57%).
The frequencies of disc functions (normal and abnormal) found in the sample were assessed. The number of discs presenting normal position at maximum oral opening was very high, 63 (90%) compared to the seven that were not reduced (10%).
The frequency of degrees of condyle translation in the sample was determined. The result was divided into normal and altered (hypomobility and hypermobility). The highest frequency of abnormal mobility (N = 42, 60%) was observed in relation to normal cases (N = 28, 40%).
The frequency of normal rotation degree was higher (N = 56, 80%) compared to the altered ones (N = 14, 20%).
The correlations between the variables (i.e. disc position with mouth closed, disc function with mouth open, degree of rotation and translation of the condyle, and angle between the median sagittal plane and condyle long axis) were explored by using the Spearman's correlation test. There was a correlation between disc position and disc function, demonstrating that the disc displacements evaluated in the present study were mostly not reduced (r = 0.314, P = 0.009).
F I G U R E 2 Analysis of the joint disc function in T 1 -weighted parasagittal images: (A) disc reduction (arrow); (B) no reduction disc (arrow) (A) (B)
There was also a correlation between disc position and condyle rotation, demonstrating that the disc displacements evaluated in the present study were within the limits of rotation degree for the corresponding condyle (r = 0.316, P = 0.007). There was no statistical significance between the condylar long axis angle and disc position, disc function, and rotation and translation of the condyle (P > 0.05).
| D ISCUSS I ON
All the results reported in the present study were obtained from MRI, which is the gold standard method for evaluating the tissue structures of the TMJ. 14 By analyzing the overall sample, we observed that most of the individuals (71.43%) presented the joint disc in a normal position, and that among those presenting disc displacement, the most frequent one was total displacement (22.86%). In their study, Tasaki et al determined the prevalence of disc displacements in symptomatic and asymptomatic individuals with TMD. 15 They found that that patients presented disc displacement in 82% of symptomatic cases, whereas only 30% were asymptomatic.
We did not have access to the patients' clinical data in order to establish the frequency of TMD in the present study, but if we consider that the sample was randomly selected, it is plausible to say that disc displacement was seen in only 22.86% of cases. It is important to emphasize that the presence of disc displacement is not a decisive factor for painful TMD. 16 Our results are in line with those of Foucart et al, who stated that the most common disc displacements were total and partial displacements anterolaterally (displacement only in the lateral portion of the disc), demonstrating that the greater prevalence of the latter anteromedially would involve the insertion of the lateral pterygoid muscle in the medial portion of the disc, thus acting as a reinforcement to the medial ligament and consequently preventing its displacement.
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With regard to the function of the disc, that is, its image position at maximum oral opening, we found that the majority of individuals (90%) presented normally. Even in most cases of disc displacement, the images were acquired with the mouth closed; an interposed position between the head of the mandible and temporal bone. In addition, it was noted that there was a relationship between the function and position of the disc.
These results are in agreement with those of Milano et al, 18 who found that 62% of the discs were in the closed-mouth position and assumed to be with normal open-mouth function. 18 They also emphasized that reduction (normal function) occurred in most cases in which the displacement was partial, which is in contrast to our study, which showed a higher prevalence of total displacements.
However, the finding that total disc displacement was the most frequent type in our sample was not corroborated by other studies. By analyzing the degree of disc translation, it was observed that the majority (60%) of cases presented the same alteration, that is, hypomobility and hypermobility, with no relation between this variable and others studied in our research. Isberg-Holm reported that patients with TMJ hypermobility have a different composition of connective tissue, which causes generalized joint lassitude, but not necessarily with painful symptomatology. 20 Therefore, the study of the degree of disc translation plays an important clinical role in determining its importance. In our study, we did not take into account these clinical findings because our objective was to try to verify whether the long axis inclination of the condyle could be related to joint mobility, which was not observed. The degree of rotation of the condyle in most of the cases (80%) was normal, and a relationship between the mandible and disc position was also found.
During mouth opening, we observed rotation of the articular disc in one direction and the condyle in the opposite direction, which allowed the disc to assume the final position at an ideal maximum oral opening, with its intermediate zone interposed between the condyle and articular tubercle. The perfect positioning of the disc in the closed-mouth position plays a determining role for this rotation to occur favorably, which explains the relationship between these variables. 21 With regard to the horizontal angle of the condylar long axis, the presence of internal disturbances (e.g. disc displacement) altered the disc function and changed the degrees of rotation and translation of the condyle, but our results did not show a direct relationship between them. The literature on this topic is scarce, as only a few studies with a similar objective and methodology to ours were found.
Alomar et al stated that the condylar long axis is anterior to the foramen magnum and that the angle between them ranges between 140 and 160°. 22 In our study, we used an individualized angle formed by the condyle long axis and the median sagittal plane in order to correlate it with the corresponding findings of disc displacement.
In their study, Sulun et al assessed the influence of condyle morphology and its horizontal angle on the presence of disc displacement in groups of symptomatic and asymptomatic patients. 9 They found that higher angular values were associated with the development of internal TMJ disorders. In our study, however, we did not find a relationship between this angle and the presence of signs of disc displacements. It should be also emphasized that, in our study, we did not analyze the symptoms of internal disorders.
In their study, Westesson et al measured the horizontal angles of the mandible heads in groups with normal TMJ regarding disc displacement, with and without reduction, including the presence of degenerative articular disease. 23 They found higher angles and degrees of alteration, that is, patients with degenerative diseases showed higher values compared to other groups. Our objective was not to divide the individuals into groups, but to study the relationship between angles and different findings indicative of disorders. However, it was not possible to find a relationship between the studied parameters.
Rabelo et al reported that there was a strong association with condyle excursion angle in disc reduction. 10 However, our results did not show a correlation between the inclination of the condylar long axis and disc displacement.
A limitation of the present study was the relatively small sample, which might reduce the statistical power and definitive conclusions.
With the methodology used in the present study, it can be concluded that there was no relationship between the inclination of the condylar long axis and parameters of internal disturbances. 
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